While abscisic acid (ABA) exerts multiple effects on somatic embryogenesis, the most pronounced of these effects is the arrestment of torpedo-stage embryos, preventing them from developing into plantlets. In order to understand the mechanism of ABA inhibition of plantlet formation, we have isolated seven ABA-insensitive cell lines capable of developing into plantlets in the presence of ABA. These ABA-insensitive cell lines, whose frequency of appearance is 7 x 10', have been isolated from a haploid cell line of Daucas carota L. var Juwarot. Surprisingly, all seven cell lines exhibit auxin insensitivity as evidenced by their ability to produce heart-stage embryos in various auxins including 2,4-dichlorophenoxyacetic acid (2,4-D), naphthalene acetic acid, and indolacetic acid. Three of the cell lines, ABA 1, ABA 15, and ABA 17, have been further characterized. We found that all three showed lower levels of ABA uptake which may be the cause of ABA insensitivity. However, the uptake of 2,4-D is higher in the three cell lines than in the wild type. The basis of the interaction between ABA and 2,4-D responses is discussed.
The role of ABA in inhibiting zygotic embryos from germination and the accompanying onset of seed dormancy is well established (1, 4) . The observation that ABA-deficient mutants are usually viviparous further strengthens the view that ABA plays a major role in germination inhibition and seed dormancy. Vivipary or in vivo precocious germination has been observed in various plant species including maize and Arabidopsis (3, 5, 9-1 1). Embryos of viviparous plants bypass dormancy and immediately develop into seedlings. In maize, the viviparous phenotype is controlled by alleles at 10 different loci (9, 10) . Several of these mutants exhibit reduced levels of endogenous ABA (1 1). One mutant which contains the wild-type level of ABA is purported to be an ABA receptor mutant. ABA deficient mutants have also been isolated and characterized in Arabidopsis (3, 5) .
These mutants bypass seed dormancy as well.
In contrast, a mutant called lateral suppressor in tomato which exhibits reduced frequency of seed germination has been described ( 12) . Poor germination is a characteristic associated with suppression of side shoot development. Taylor and Rossal (13) showed that lateral suppressor plants accumulate high levels of ABA metabolites which are indistinguishable from ABA in Commelina epidermal strip bioassay. The Since carrot cultures produce a very large number of embryos free of contaminating tissues, we use this system to study the effects of ABA on somatic embryogenesis. We found that ABA inhibited growth and slowed down globular-stage embryo formation, but it stimulated subsequent embryogenesis. The most dramatic effect of ABA was the inhibition of plantlet formation (C Borkird, ZR Sung, unpublished data). In this paper, we report that isolation and characterization of ABA-insensitive cell lines which can develop into plantlets in the presence of ABA. (Fig. Id, arrow) . ABA 1 and ABA 15 produced plantlets with relatively normal morphology (Fig. 1, b and c) . Figure la shows the morphology of the wild-type embryos. In the absence of ABA, ABA 1 produced plantlets with relatively normal morphology (Fig. 2a) while ABA 15 and ABA 17 produced abnormal plantlets with embryos on their surfaces (Fig. 2, b and c) . ABA 17 plantlets also have anthocyanin on the radicles (Fig. 2c,  arrow) .
MATERIALS AND METHODS
ABA relatively normal morphology whereas ABA 15 and ABA 17 produce large aggregates of embryos (Fig. 3, b and c, arrows) .
The effects of other auxins (NAA and IAA) have been tested on ABA-insensitive cell lines. In the presence of 1 mg/L NAA, all ABA-insensitive cell lines proliferate as embryos (Fig. 4, a, c , and e). The morphology of these embryos is more normal than that of the cultures in the presence of 0.1 mg/L 2,4-D. Embryos in NAA also develop up to the early-heart stage, then break down and proliferate more embryos. In the presence of 1 mg/L IAA, embryos of ABA-insensitive cell lines progress past the heart stage up to the torpedo stage (Fig. 4, b and f, arrows) . This may result from the instability of IAA.
Stability of the ABA-Auxin-Insensitive Cell Lines. The ABAinsensitive cell lines are able to produce plantlets in ABA after 1 year of isolation without selection (propagating in medium without ABA). This result suggests phenotypic stability of the ABAinsensitive phenotype. When cultures of ABA 1, ABA 15, and ABA 17 were grown for 2.5 to 3 weeks in 2,4-D containing medium, they produced two populations of cell types: the budding embryos and the unorganized cell clusters which increased in mass after prolonged culturing. The ability of the unorganized cell clusters to form embryos can be used as a test for the stability of the 2,4-Dinsensitive phenotype. These cultures were filtered through 200 ,um nylon mesh to remove embryo clumps, and the filtrates, which consisted of unorganized cells, were then subcultured. This process was repeated two to three times. Each time the subcultured cell clusters were able to produce both budding embryos and some cell clusters. This experiment thus confirmed the stability of the auxin-insensitive phenotype. (Fig. 5) . However, all three cell lines tested (ABA 1, ABA 15, and ABA 17), showed lower levels of ABA-uptake than wild-type cells (Fig. 5) . Figure 5 shows that suspension cells and embryos of the wildtype exhibit a two-phase uptake of [3H]ABA. The fast uptake occurs within the 1st h and the slower uptake follows. After 5 h of incubation, wild-type cells take up approximately one-tenth of the total labeled ABA. Moreover, the uptake of ABA in wildtype cells does not saturate even after 5 h of incubation. ABA-insensitive cell lines exhibit lower levels of ABA uptake than the wild-type cell line (Fig. 5) . The fast phase ofABA uptake in ABA-insensitive cell lines is slightly lower than in wild-type controls. The second phase of ABA uptake is obviously lower than for the wild type. The uptake of ABA saturates in 2 h in ABA insensitive cell lines; and the saturated level is two to three times lower than the wild-type uptake at 5 h. Among ABAinsensitive cell lines, ABA 17 shows a slower rate of ABA uptake as compared to ABA 1 and ABA 15.
ABA-Insensitive Cell Lines Are Altered in 2,4-D Uptake. We studied 2,4-D uptake because there might be a common mechanism for ABA and auxin uptake which could account for the simultaneous insensitivity. Our results showed that these three cell lines are also altered in 2,4-D uptake, but unlike with ABA, where their uptake was slower than for the wild type, their 2,4-D uptake was faster than that of the wild type. Figure 6 shows that wild-type suspension cells and embryos exhibit two phases of 2,4-D uptake similar to ABA uptake. The fast phase finishes in 1 h and is then followed by the slower 
